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@ Gear synchronizer mechanism in power transmission.

@ A gear synchronizer mechanism includes a gear mem-
ber (22) rotatable on a shaft (21), 2 hub member (11)
arranged adjacent the gear member and fixed to the shaft,
and a clutch steeve (12) encircling an outer cylindrical portion
of the hub member. The clutch sleeve {12} is formed at its
inner periphery with a plurality of circumferentially spaced
radial projections (12b} axially movable in the corresponding
axial grooves (11b) formed in the cylindrical portion of the
hub member. A radially contractible C-letter shaped spring
(14) is supported in place by engagement with circumferen-
tially spaced inner walls {11c4, 11c;) of the cylindrical portion
of the hub member. The spring has an intermediate ring
portion (148) integrally formed with a plurality of circum-
ferentially spaced axial legs (14b,, 14b,) extending therefrom
towards the respective radial projections of the clutch sleeve,
the axial legs each having a radial projection to be engaged
with each of the radial projections of the clutch sleeve, The
spring has a pair of end portions resiliently engaged with one
of the inner walls of the cylindrical portion of the hub
member to retain the axial legs (14b,, 14b,) in place within
the respective axial grooves (11b).
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GEAR SYNCHRONIZER MECHANISM

IN POWER TRANSMISSION

The present invention relates to é gear
synchronizer mechanism adépted for use in powér
transmissions, and more particuiarly to -a gear
synchronizef mechanism of the type which comprises a gear
member rotatably mounted on a transmission shaft, a hub
member arranged adjaéent the gear member andrfixed to the
transmissioh shaft for fotation therewith, aVSpline piece
mounted on a hub portioh of the gear member for rotation
therewith and being formed at oné side thereof with a
conical portion and thereon with external spline teeth, a
synchronizer ring axially movably mounted 6n the conical
portion of the spline piece for frictional engagement
therewith, a clutch sleeve encircling the hub membér and
having internal spline teeth in continual engagement with
external spline teeth of the hub member, thé clutch
sleeve being axially shiftable to be engaged at the

internal spline teeth thereof with the external spline
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teeth of the spline piece, and a thrust mechanism for

thrusting the synchronizer ring toward the spline piece

in shifting operation of the clutch sleeve toward the

gear member to effect the frictional engagement between

‘the synchronizer ring and the spline piece.

Such a conventional gear synchronizer mechanism
as described above is well known as a Borg-Warner type
synchronizer mechanism, in which the thrust mechanism
comprises a plurality of circumfefeﬁtially spaced strut
keys each having a raised portion in engagement with the
corresponding recess in the inner peripheral wall of the
clﬁtch sleeve, and an annular retainer épring arranged to
bias the strut keys radially outwardly for engagemeht
with the clutch sleeve. To reduce the component parts of
the thrust mechaﬁism, an improved thrust mechanism has
been proposed in Japanese Early Patent Publications Nos.
55-100428, 58-137627, 58-163829, and 58-174724, wherein
the strut keys and retainer spring are réplaced with a
single thrust element. It is, however, difficult to
enhance productivity of the gear synchronizer mechanism
at a low cost because the single thrust element is

complicated in its configuration and construction.

To overcome the shortcomings of such a
conventional thrust mechanism as described above, an

improved gear syhchroqizer mechanism has been prOposed by
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the inventors in copending European Patent'application
No. 84114726.7,7filed on December 4, 1984, wherein the
clutch sleeve is formed at its inner periphefy with
circumferentially equi-spaced three internal radial
projections which are disposed within circumferentially
equi-spaced three axial grooves formed in an outer
cylindrical portion of the hub member, and wherein the
thrust mechanism comprises a radially contractible
C-letter shaped spring supported in place'by-engagement
with circumferentially spaced inner walls of the outer
cylindrical portion of the hub member, the C-letter
shaped spring being forméd at opposite ends théfeof with
a pair of circumferentially spaced axial 1egé and at an
intermediate portion thereof with an axial leg, the axial
legs each extending from the spfing toward the respective
internal radial projections of the clutch sleeve and
having a radial projection arranged to be brought into
engagementrwith each of the internal radial projeétions
of the clutch sleeve and arranged to abut against the
syhchronizer ring'and thrust the same toward'the spline

piece.

In the.above—described synchronizer mechanism,
however, the pair of ciréumferentially spaced axial legs
of the C-letter shaped spring each are located within the

corresponding axial groove formed in the outer
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cylindrical portion of the hub member. 1In this
arrangement, the opposite ends of the C-letter shaped

spring are free to move radially inwardly in the

"respective axial grooves and tend to be remained in their

displaced positions. If the axial légs of the spring may
not be retained inrtheir correct positions for engagement
with the internal radial projectioné of the clutch

sleeve, insufficient balk action of the synchronizer ring
will cause undesired gear noises in shifting operation of

the clutch sleeve toward the gear member.

It is, therefore, a primary object of the
present invention to provide an improved gear
synchronizer mechanism capable of rétaining the axial
legs of the C-letter shaped spring in tﬁeir correct
positions for engagement with the internal radiaL

projections of the clutch sleeve.

Accordiﬁg to the present invention briefly
summarized, there is provided a gear synchronizer -
mechanism wherein the clutch sleeve is formed at its
inner periphery with a plurality of circumferentially
spaced internal radial projections axially movable in the
corresponding axial grooves formed in the outer
cylindrical portion of the hub member, and wherein the
thrust mechanism comprises a radially contractible

annular resilient member supported in place by engagement
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with circumferentially spaced inner walls of the
cylindrical po:tion of the hﬁb member, the annular
resilient member having an intermediate ring portioh
integrally formed with a plurality of circumferentially
spaced axial legs extending therefrom toward the
respeétive internal radial projections of the clutch
sleeve, the axial legs each being arranged within the
respective axial grooves in the cylindrical portion of
the hub member and having a radial projection arranged to
be brought into engagement with each of the internal
radial projections of the clutch sleeve in shifting
operation of the clutch sleeve toward the gear member and
arranged to abut against the synchronizer ring and thrust
the same toward the spline piece. In such an arrangement
of thé gear.synchronizer meéhanism, the annular resilient
member has a paif of end portions resiliently engaged

with one of the circumferentially spaced inner walls of

the cylindrical portion of the hub member to retain the

axial legs in place within the respective axial grooves

in the cylindrical portion of the hub member.

For a better understanding of the present
invention, and to show how the same may be carried into
effect, reference will now be made, by way of example, to
the accompanying drawings; in which:

Fig. 1 illustrates in cross-sectional form one

of circumferentially equi-spaced parts of a gear
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synchronizer mechanism in accordance with the present
invention;

Fig. 2 is a cross—-sectional view taken along
line II - II in Fig. 1;

Fig. 3 is an enlarged cross-sectional view taken
along line III - III in Fig. 2;

Fig. 4 is an enlarged cross-sectional view taken
along line IV - IV in Fig. 2;

Fig. 5 is an enlarged cross-sectional view taken
along line V - V in Fig. 2;

Fig. 6 is an enlarged partial view taken along
lineVVI - VI in Fig. 2, showing the relative positions of
a clutch sleeve, a synchronizer ring and a spline piece
illustrated in Figs. 1 to 5; and

Fig. 7 is a front view of a C-letter shaped

spring shown in Fig. 2.

Referring now to the drawings, where like
reference numerals represent the same or corresponding

parts throughout the figures, there is illustrated in

Fig. 1 a transmission shaft 21, on which are rotatably

supported a pair of change-speed gears 22 and 22.
Disposed between the change-speed gears 22 and 22 is a
pair of synchronizer assemblies which are operable to
cause selective speed synchronization between the shaft

21 and the gears 22 and 22, respectively. As is

" illustrated in Figs. 1. and 2, the synchronizer assemblies-

S - ————— - o b
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have a common hub assembly which includes a hub member 11
fixed at its inner hub portion to the transmission shaft
21 by means of a spline connection for rotation
therewith. The synchronizer assemblies are arranged to
be operated through a clutch sleeve 12 which is connected
by a yoke groove to a conventional manually operated
shift mechanism (not shown). As shown in Figs. 2 and 5,
the hub member 11 is integrally formed with an outer
cylindrical hub portion which is formed thereon with
external spline teeth lla. The clutch sleeve 12 is
arranged in surrounding relationship with the outer
cylindrical hub portion of hub member 11 and has internal
spline teeth 12a in continual engagement with the
external spline teeth 1la of hub member 11. The clutch
sleeve 12 is axially shiftable to be engaged at its
internal spline teeth l12a with external spline teeth 23b

of a spline piece 23.

The left-hand synchronizer assembly is
substantially the same as the right-hand synchronizer
assembly such that a detailed description of the
right-hand synchronizer assembly only is believed
necessary. The right-hand synchronizer assehbly includes
a synchronizer ring 13, a radially contractible annular
resilient member in the form of a C-letter shaped spring
14, and the spline éiece 23 which are arranged between

the hub member 11 and -the gear 22. The spline piece 23
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is fixedly mounted on a hub portion of changefspeed gear
22 by means of a spline connection for rotation
therewith. The spline piece 23 is formed at its left end
with a conical portion 23a and thereon with the external
spline teeth 23b which are chamfered at each end thereof.
The synchronizer ring 13 is rotatably and axially
slidably mounted on the conical portion 23a of spline
piece 23 and has an internal conical surface 13a for
frictional engagement with the surface of the conical
portion 23a of spline piece 23. Thus, thersynéhronizer
ring 13 cooperates with the spline piece 23 to provide a

friction clutch in a well-known manner.

In this embodiment, the outer cylindrical hub
portion of hub member 11 is axially recessed in its
circumferentially equi-spaced three portions. As shown
in Figs, 2, 3 and 4, the axially recessed portions each
are formed as an axial groove 1llb. The clutch sleeve 12
is formed at its inner periphery with circumferentially
equi-spaced three internal radial projections 12b of
large width which are axially shiftable in the axial
grooves 1llb of hub member 11. The clutch sleeve 12 is
further formed at its inner periphery with a pair of
internal radial projections l2c of small width which are
arranged at opposite sides of the respective large width

radial projections 12b.
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"As shown in Figs. 3 and 6, the large width

radial projections 12b each are formed at their inner end
corners with tapered surfaces 124 and at their side
corners with chamfers 1l2e. The large width radial
projections 12b are respectively arranged between a pair
of circumferentially equi-spaced raised portions 13b
which are integrally formed on the synchronizer ring 13.
The raised portions 13b of synchronizer ring 13 each are
formed at their inner ends with a pair of chamfers 1l3c
which are engageable with the chamfers 12e of large width
radial projections 12b, respéctively. As shown in Figs.
4 and 6, the small width radial projections 1l2c¢ each are
formed at their opposite ends with chamfers 12f and are
arranged betweén the raised portion 13b and another
raised portion 134 formed on the synchronizer ring 13
adjacent the respective raised portions 13b. The raised
portions 13d of synchronizer ring 13 each are formed at
their-inner ends with a chamfer 13e which is engageable
with the chamfer 12f of small width radial projection

12c.

As shown in Figs. 2 and 7, the radially
contractible C-letter shaped spring 14 includes a
C-letter shaped ring portion l4a which is formed at its
intermediate portion with circumferentially equi-spaced

three axial legs 14b, and 1l4b,. The ring portion l4a of

2 of curvature larger than

spring 14 has radiuses r, and r
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an internal diameter r of the outer cylindrical hub

portion of hub member 11. In this embodiment, the radius

r of curvature at a central part 14al of ring portion

l4a is determined to be larger than the radius r, of

curvature at each side part 1l4a, of ring portion l4a.

2
With such a configuration, the ring portion l4a of spring
14 is supported in place by engagement with

circumferentially spaced inner wallé llc1 and llc2 of the

outer cylindrical hub portion of hub member 11 in the

presence of a radial force imposed thereto. The axial

leg 14b, is positioned substantially at the center of
central ring part l4al, and the axial legs 14b2 each are
positidned substantially at the center of side ring part
l4a2. The axial legs 14b1 and l4b2 of spring 14 each
extend from the ring portion l4a toward the internal
radial projection 12b of clutch sleeve 12 through an
axial groove between the raisearportions 13b and'13b of
synchronizer ring 13. The axial legs 14b; and 14b, of
spring 14 each are formed with a radial projection wﬁich
is arranged between the inner end surface of synchronizer

ring 13 and the tapered surface 124 of the internal

radial projection 12b of clutch sleeve 12.

In shifting operation of the clutch sleeve 12
toward the spline piece 23, the axial legs 14bl and 14b2
cf spring 14 are slightly moved in an axial direction by

engagement with the tapered surfaces 12d of large width
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radial projections 12b at their inner shoulders such that
each radial projection ofraxial legs 14b abuts against
the synchronizer ring 13 and thrusts the same toward the
spline piece 23 which will effect frictional engagement
of the internal conical surface l3a of synchronizer ring
13 and the surface of the conical portion 23a of spline
piece 23. 'Simultaneously, the axial movement of clutch
sleeve 12 will be resisted by balk action or engagement
between the chamfers l2e, 12f of large and small width
radial projections 12b and 12¢ and the chamfers 13c, 13e
of raised portions 13b and 13d. When the thrust pressure
acting on spring 14 exceeds a predetermined value,
sYnchronization between the relatively rotating parts is
established, and the large width radial projections 12b
of clutch sleeve 12 ride over the axial legs'14bl, l4b2
of spring 14 to compress them radially inwardly. This
permits the radial projections 12b, 1l2c of clutch sleeve
12 to pass through axial gtooves respectively formed
between the raised portions 13b and 134 of synchronizer
ring 13. Thus, the internal splines 12a of clutch sleeve
12 will be brought into engagement with the external
spline teeth 23b of spline piece 23 to effect synchronous
connection between the transmission shaft 21 and the gear

22.

As is understood from the above description, the

gear synchronizer mechanism is characterized in that
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the large width radial projections 12b of clutch sleeve
12 are arranged to thrust the C-letter shaped spring 14
for effecting frictional engagement of the synchronizer
ring 13 ﬁith the spline piece 23. This is useful to
simplify the gear synchronizer mechanism in construction
so as to enhance productivity of the same at a low cost.
The gear synchronizer mechanism is further characterized
in that the small width radial projeétions 12c of clutch
sleeve 12 are arranged to be engaged at their chamfered
ends 12f with the chamfers 1l3c, 1l3e of raised portions
13b and 13d of synchronizer ring 13. In this
arrangement, it is advantageous that even if the number
of the large width radial projections 12b is reduced to
form a sufficient number of interhal spline teeth 12a on
the clutch sleeve 12 for reliable torque transmission;
the small width radial projections 1l2c will be useful to
increase the number of intermeshed portions between the

clutch sleeve 12 and the synchronizer ring 13.

In the gear synchronizer mechanism, it is
further noted that as shown in Fig. 2, the ring portion
l4a of spring 14 is supported in place by engagement with
the circumferentially spaced inner walls llcl of hub
member 11 at its central part l4al and engagement with
of hub member 11 at its side parts

2

14a2. This is useful to retain the respective axial legs

- 14b, and 14b, of spring 14 in their correct positions for

1 2
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engagement with the large width radial projections 12b of
clutch sleeve 12. With such an arrangement of the
C-letter shaped spring 14, the respective large width
radial projections 12b of clutch sleeve 12 are
simultaneously engaged at their tapered surfaces 12d with
the respective axial legs 14bl, l4b2 of spring 14 in
shifting operation thereby to thrust the synchronizer
ring 13 toward the spline piece 23 for effecting
frictional engagement of the internal conical surface 13a
of synchronizer ring 13 and the conical portion 23a of
spline piece 23. Thus, the occurrence of gear noises
caused by insufficient balk action of the synchronizer
ring 13 can be avoided in a reliable manner. Furthermore,
the C-letter shaped spring 14 is formed in éuch a manner

that each radius r, of curvature at the side parts l4a

2 2
is smaller than the radius x, of curvature at the central

part l4a This is useful to engage the whole ring

l.
portion l4a of spring 14 with the circumferentially
spaced inner walls llcl and llc2 of hub member 11 so as

to retain the axial legs l4bl, l4b2 of spring 14 in their

correct positions in a more reliable manner.



10

15

20

25

- 14 - 0195519
CLAIMS:

1, A gear synchronizer mechanism comprisging a gear
member rotatable on a transmission shaft, a spline piece

mounted on a hub portion of said gear member for rotation

~ therewith and being formed at one side thereof with a

conical portion and thereon with external spline teeth, a
synchronizer ring axially movable on the conical portion
of said spline piece for frictional engagement therewith,
a hub member arranged adjacent said gear member and fixed
to said shaft for rotation therewith, said hub member
having a cylindrical portion encircling said synchronizer
ring and being formed thereon with external spline teeth,
a clutch sleeve encircling the cylindrical portion of
said hub member and having internal spline teeth in
continual engagement with the external spline teeth of
said hub member, said clutch sleeve being axialiy
shiftable to be engaged at the internal spline teeth
thereof with the external'spline teeth of said spline
piece, and thrust means for thrusting said synchronizer
ring toward said spline piece in shifting operation of
said clutch sleeve towafd said gear member to effect the
frictional engagement of said synchronizer ring with the
conical portion of said spline piece,

wherein said clutch sleeve is formed at its
inner periphery with a plurality of circumferentially

spaced internal radial projections axially movable in
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the corresponding axial grooves formed in the cylindrical
portion of said hub member, and

wherein said thrust means comprises a radially
contractible annular resilient member supported in place
by engagement with circumferentially spaced inner walls
of the cylindrical portion of said hub member, said
resilient member having an intermediate ring portion
integrally formed with a plurality of circumferentially
spaced axial legs extending therefrom toward the
respective internal radial projections of said clutch
sleeve, said axial legs each being arranged within the
respective axial grooves in thé,cylindrical portion of
said hub ﬁémber and having a radial projection arranged
to be brought into engagement with each of the internal
radial projections of said clutch sleeve in shifting
operation of said clutch sleeve toward said gear member
and arranged to abut against said synchronizer ring and
thrust the same toward said spline piece, said annular
resilient member having a pair of end portions
resiliently engaged with one of the circumferentially
spaced inner walls of the cylindrical portion of said hub
member to retain said axial legs in place within the
respective axial grooves in the cylindrical portion of

said hub member.

2. A gear synchronizer mechanism as claimed in

~

Claim 1, wherein said annular resilient member is in
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the form of a C~letter shaped épring having an

‘intermediate ring portion resiliently engaged with the

circumferentially spaced inner walls of the cylindrical
portion of said hub member and a pair of end portions
resiliently engaged with one of the inner walls of the
cylindrical portion of said hub member, said intermediate
portion of said spring being integrally formed with a
plurality of circumferentially spaced axial legs
extending therefrom toward the respective internal radial
projections of said clutch sleeve, said axial legs each
being arranged within the respective axial grooves in the
cylindrical portion of said hub member and having a
radial projection arranged to be brought into engagement
with each of the internal radial projections of said
clutch sleeve in shifting operation of said clutch sleeve
toward said gear member and arranged to abut against said
synchronizer ring and thrust the same toward said spline

piece.

3. ' A gear synchronizer mechanism as claimed in
Claim 1, wherein the internal radial projections of said
clutch sleeve each are formed at their inner ends with a
tapered surface engageable with each inner shoulder of

said axial legs of said annular resilient member.
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